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1 Final Accomplishments (August 2015 to July 2016) 
We developed an innovative algorithm for sparse imaging of perfect electric conducting targets 
based on higher order sources or multipoles [J2]. EM imaging has emerged as a promising 
technology in the fields of radar, biomedical imaging, navigation, and remote sensing in recent 
years. We demonstrated that, due to the directivity of higher order sources, the imaging 
capabilities of the algorithm are enhanced. We showed that the zero-order sources are more 
suitable for the reconstruction of the convex parts of target boundaries, whereas the higher order 
sources are more appropriate for the concave parts of the boundaries. We devised a strategy to 
select the optimal orders without needing any a priori information on the target by taking 
advantage of some analytical considerations in a canonical case. 

We developed a data-driven method for target detection in nonstationary environments [J4]. In 
our method, we employed drift detection algorithms to detect changes in the environment. We 
used incremental learning, particularly learning under concept drift algorithms, to learn the new 
statistical characteristics of the environment, which are then utilized to intelligibly update the 
statistical detection algorithms. We showed that our method can significantly improve the 
detection performance compared with detection techniques that are not aware of the 
environmental changes. 

We developed a method for joint design of amplitudes and frequency-hopping codes for 
frequency-hopping waveforms using a colocated multiple input/multiple output (MIMO) radar 
system [J3]. We formulated the problem based on sparse recovery and the ambiguity function of 
the MIMO radar system for frequency-hopping waveforms. We proposed two strategies for 
amplitude design: amplitude design with separate constraints and amplitude design by fusing all 
transmitters. We formulated a novel game theory based model and propose two joint design 
algorithms, one applying a noncooperative scheme and the other applying a cooperative scheme. 
We demonstrated that the joint design method yields better combined code and amplitude 
matrices that result in improved performance over that of separate designs. 

We investigated the effect of multiple scattering in the detection and estimation of scatterers in 
signal processing research [C2]. We considered a system of two point scatterers under a general 
multistatic configuration with multiple transmitters and multiple receivers. We analytically 
compared the Fisher information matrices when multiple scattering either exists or does not. We 
showed that when the two scatterers are in far-field locations and well-resolved, multiple 
scattering is favorable for the estimation. 

We considered the problem of direction of arrival (DOA) estimation based on a nonuniform 
linear nested array in the presence of model errors [J1]. We investigated the self-calibration 
problem for perturbed nested arrays, and proposed corresponding robust algorithms to estimate 
both the model errors and the DOAs. We exploited the partial Toeplitz structure of the 
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covariance matrix to estimate the gain errors, and used the sparse total least squares to deal with 
the phase error issue. In addition, we provided the Cramér-Rao bound (CRB) to analyze the 
robustness of the estimation performance of the proposed approaches. 

We considered the problem of adaptive Gaussian mixture learning in posterior-based distributed 
particle filtering, in which posteriors are approximated as Gaussian mixtures for wireless 
communication [J9, C1]. We developed a hierarchical clustering algorithm based on adaptive 
splitting, whose result is used as an initial guess for the expectation-maximization algorithm to 
obtain a local maximum likelihood solution. We showed that our method can provide higher 
accuracy with reduced the computation and communication cost in distributed particle filtering.  

We developed algorithms to compute the performance bounds on convex block-sparsity recovery 
using fixed point theory and semidefinite programming [J5]. These computable performance 
bounds would open doors for wide applications in sensor arrays, radar, DNA microarrays, etc. 
We defined a family of quality measures such that the reconstruction errors of convex recovery 
algorithms are bounded in terms of these quality measures. We associate the quality measures 
with the fixed points of functions defined by a series of semidefinite programs, yielding 
polynomial-time algorithms with global convergence guarantees to compute these quality 
measures. We demonstrated that as long as the number of measurements is relatively large, these 
quality measures are bounded away from zero for a large class of random sensing matrices, a 
result parallel to the probabilistic analysis of the block restricted isometry property. 

Recently, we also considered the problem of low-dimensional-model-based electromagnetic 
imaging [J12]. We developed target detection methods using weather radars and electromagnetic 
vector sensors [J13]. We investigated a new antenna structure named random frequency diverse 
arrays in active sensing [J7]. We analyzed the asymptotic DOA estimation performance of sparse 
linear arrays, such as co-prime and nested arrays, and derived the CRB [J8]. We derived the 
maximum-likelihood estimator (MLE) and the CRB for inertial sensor arrays [J6]. We developed 
a hypothesis testing framework based on the β-model and derived the corresponding MLE and 
CRB [J10]. We proposed a model for decision making under the influence of an artificial social 
network [J11]. 

2 Annual Archival Publications: 

2.1 Journal Papers 
J1. K. Han, P. Yang, and A. Nehorai, “Calibrating nested sensor arrays with model errors,” 

IEEE Trans. on Antennas Propagat., Vol. 63, pp. 4739-4748, Nov. 2015. 
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J2. M. N. Stevanović, L. Crocco, A. R. Djordjević, and A. Nehorai, “Higher-order sparse 
microwave imaging of PEC scatterers,” IEEE Trans. Antennas Propag., Vol. 64, pp. 988-
997, Mar. 2016. 

J3. K. Han and A. Nehorai, “Jointly optimal design for MIMO radar frequency-hopping 
waveforms using game theory,” IEEE Trans. on Aerospace and Electronic Systems, Vol. 
52, pp. 809-820, Apr. 2016. 

J4. M. Akcakaya, S. Sen, and A. Nehorai, “A novel data-driven learning method for radar 
target detection in nonstationary environments,” IEEE Signal Processing Letters, Vol. 23, 
pp. 762-766, May 2016. 

J5. G. Tang and A. Nehorai, “Semidefinite programming for computable performance 
bounds on block-sparsity recovery,” IEEE Trans. on Signal Processing, Vol. 64, pp. 
4455-4468, Sept. 2016. 

J6. I. Skog, J. Nilsson, P. Händel, A. Nehorai, “Inertial sensor arrays, maximum likelihood, 
and Cramér-Rao bound,” to appear in IEEE Trans. on Signal Processing. 

J7. Y. Liu, H. Ruan, L. Wang, and A. Nehorai, “The random frequency diverse array: a new 
antenna structure for uncoupled direction-range indication in active sensing,” to appear in 
IEEE Journal of Selected Topics in Signal Processing. 

J8. M. Wang and A. Nehorai, “Coarrays, MUSIC, and the Cramér Rao bound,” to appear in 
IEEE Trans. on Signal Processing. 

J9. J. Li and A. Nehorai, “Distributed particle filtering via optimal fusion of Gaussian 
mixtures,” in revision for IEEE Trans. on Signal and Information Processing over 
Networks. 

J10. J. Wahlström, I. Skog, P. S. La Rosa, P. Händel, and A. Nehorai, “The β-model, 
maximum likelihood, Cramér-Rao bounds, and hypothesis testing,” submitted to IEEE 
Trans. on Signal Processing. 

J11. A. Cassidy and A. Nehorai, “A model for decision making under the influence of an 
artificial social network,” submitted to Social Network Analysis and Mining, Springer. 

J12. L. Li, A. Nehorai, F. Xu, B. Zhang, T. Jin, and T. Cui, “A survey on the low-
dimensional-model-based electromagnetic imaging,” submitted to Inverse Problems. 
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J13. G. V. Prateek, M. Hurtado, and A. Nehorai, “Target detection using weather radars and 
electromagnetic vector sensor,” submitted to Signal Processing. 

2.2 Conference Papers 
C1. J. Li and A. Nehorai, “Adaptive Gaussian mixture learning in distributed particle 

filtering,” Sixth IEEE International Workshop on Computational Advances in Multi-
Sensor Adaptive Pro cessing (CAMSAP), Cancún, Mexico, Dec. 2015, 4 pages. 

C2. G. Shi, A. Nehorai, H. Liu, B. Chen, and Y. Wang, “Multiple scattering effects on the 
localization of two point scatterers,” 41th IEEE International Conference on Acoustics, 
Speech, and Signal Processing (ICASSP), Shanghai, China, Mar. 2016, 5 pages. 

3 Awards and Honors 
1. Jichuan Li (PhD student), was selected the NSF travel award for Sixth IEEE International

Workshop on Computational Advances in Multi-Sensor Adaptive Processing (CAMSAP),
Cancún, Mexico, Oct. 2015.

4 Dissertations 
1. Jichuan Li, “Distributed target tracking and synchronization in wireless sensor networks,”

Washington University in St. Louis, 2016.

5 Relevant Placements of PhD Graduates 
1. Jichuan Li (PhD, 2015) is a Software Engineer, Google Inc., Mountain View, California.
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